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ABSTRACT 
The SISTeR (Scanning Infrared Sea surface 
Temperature Radiometer) is a validation radiometer 
designed to generate high quality in situ measurements 
of skin sea surface temperature (SST) in support of the 
ATSR series of satellite radiometers. The radiometric 
accuracy of SISTeR is of order 20mK when viewing 
ambient sources. The development of the instrument for 
autonomous operations and its installation and operation 
on the Color Line ferry M/S Color Festival is described. 
 
SISTeR has been operated for four months on daily 
sailings between Oslo in Norway and Frederikshavn in 
Denmark. The dataset features and accuracy are 
discussed and a validation method is introduced. 
Finally, validation match-ups between AATSR and 
SISTeR are analysed and estimates for the accuracy of 
the AATSR gridded SST (ATS_NR__2P) product are 
generated. 
 
1.  INTRODUCTION 
Since 1996 a SISTeR instrument has been operated as a 
validation radiometer for the ATSR (Along Track 
Scanning Radiometer) series of instruments on the ERS-
1, ERS-2 and, most recently, ENVISAT polar orbiting 
platforms. The instrument is robust to its environment 
and can operate its mechanisms and generate data 
without supervision, but has required manual 
interventions to protect it from adverse weather and to 
log the instrument data. As a result, the instrument has 
always been accompanied on validation deployments. 
This has limited both the number of vessels on which it 
can be operated and the length of time for which it can 
be operated, mainly through considerations of cost. 
 
It has long been an objective to automate the SISTeR in 
order to extend its data gathering abilities. This paper 
summarises the development of the SISTeR for 
autonomous operations, its first deployment as an 
autonomous validation instrument and the results of the 
validation campaign. 
 
2.  SISTeR DEVELOPMENT 
Three main requirements have been addressed in order 
to automate the SISTeR instrument: (a) Protection 
against rain and high seas, (b) Automated time stamping 
and logging of the instrument data stream, 
(c) Automated restarts in the event of power loss or on-
board software crashes. 
 
The first and to some extent the third requirements 
assure the physical integrity of the instrument, while the 
second and third requirements ensure the continuity and 
validity of the instrument data stream. The 
implementation of these requirements has required a 
number of activities, principally: (b) Integration of a 
rain sensor, (a) Development of an electrically-signalled 
weather door, (c) Integration of a GPS receiver, 
(e) Integration of a data logger, (d) A complete rewrite 
of the SISTeR on-board code library. The SISTeR 
radiometer and its development for autonomous 
operations have been described previously [1]. Some of 
the main aspects are summarized below. 
 
2.1. The Rain Gauge 
Several types of rain gauge are commercially available. 
These include drop-counting gauges, disdrometers, 
tipping bucket and similar gauges, capacitive gauges 
and optical gauges. The last two are preferred because 
of their robustness and high sensitivity. Capacitive 
gauges can suffer from shifts in their baselines due to 
salt build-up. This seriously restricts their ability to 
detect low rain levels over long deployments. Optical 
gauges have been used successfully for extended 
periods at sea and are preferred for this application.  
 
Figure 1. The ORG-815-DA rain gauge and GPS 
antenna 
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An ORG-815-DA was acquired from Optical Scientific 
Inc. (Fig. 1) and is operated with its window heaters 
disabled to reduce power consumption. 
 
2.2. The Weather Door 
The SISTeR body was designed with sloped faces above 
and below the instrument aperture, so that a solid door 
could be closed over the entire aperture. A mechanism 
to move this door has now been implemented (Fig. 2). A 
U-shaped door is mounted by two arms on an axle 
driven by a worm and gear drive. The door seals the 
instrument aperture with a compliant neoprene foam 
rubber face. Driver electronics are integrated into 
mechanism. Only power and logic signals are required. 
The mechanism is completely waterproof, reasonably 
fast, and consumes little power 
  
 
Figure 2. SISTeR with weather door. 
 
2.3. GPS 
GPS provides very accurate and universally available 
timing signal. GPS receivers are cheap, compact and 
widely available. They also provide high quality 
position fixes. GPS time stamps are now tightly 
integrated into the software library running on the 
instrument’s on-board PC. One-second GPS timing 
pulses are interpolated to data frame time stamps using 
the PC’s system clock and the most recent GPS position 
fix is logged along with its age relative to the data 
frame. 
 
3.  SISTeR DEPLOYMENT 
SISTeR was deployed on the M/S Color Festival 
(Fig.  3) operated by Color Line between Oslo and 
Fredrikshavn from the 15th May to the 18th September 
2006, in collaboration with Kai Sørensen of NIVA 
(Norsk Institutt for Vannforskning) and with the 
assistance of the technical staff at NIVA. 
 
The M/S Color Festival was chosen because the 
deployment could be supported both on shore and on 
board the ship, the instrument could be accessed 
regularly by technical staff, an extended deployment 
was possible and cold water validation points were 
possible. 
 
 
Figure 3. The M/S Color Festival 
 
SISTeR was mounted, along with the rain gauge and 
GPS antenna, on the outer edge of the roof over the 
starboard wing of the ship’s bridge (Fig. 4). The data 
logger and instrument power supply were installed in a 
cabinet inside the radar mast above the bridge. SISTeR 
had a clear view to the unbroken sea surface from nadir 
outwards and uninterrupted views to the sky. The high 
forward mounting position also kept salt spray to a 
minimum. 
 
 
Figure 4. SISTeR, with rain gauge and GPS antenna, 
deployed on the M/S Color Festival. 
 
SISTeR was accompanied on first day at sea (the 15th 
and 16th May 2006). Instrument data was checked for 
radar interference while operated overnight. 
 
The following morning it was taken down for a final 
calibration check against a portable black body 
calibration target (Fig. 5). The recorded instrument 
brightness temperatures tracked the target temperature 
to within the experimental accuracy. Rainfall recorded 
the previous night was used to set an initial rain 
threshold for the weather door and was updated two 
weeks later after a more extended set of measurements.   
 
Figure 5. SISTeR calibration against a CASOTS black 
body target on the 16
th May 2006. 
 
The ship’s route was changed from Oslo – Hirtshals to 
Oslo – Fredrikshavn shortly before the planned 
deployment date, with the effect that the departure time 
from Oslo was changed by an hour from 19:00 to 20:00. 
As a result, evening overpasses occurred significantly 
higher in the Oslo Fjord than had been intended. 
 
4.  AATSR Validation 
Validation SSTs were collected from the From the 16
th 
May to the afternoon of the 11
th August 2006 (Figs. 7 
and 8), after which the door mechanism failed in a 
closed position. There were 66 coincidences between 
the track of the M/S Color Festival and the AATSR 
swath (Fig 6). Of these, three were missed during 
AATSR black body crossover tests from the 26
th to the 
28
th June and five during the AATSR anomaly from the 
4
th to the 8
th August. A further 16 were missed due to 
SISTeR anomalies, mainly in the first part of the 
campaign, leaving 42 coincidences for which both 
AATSR and SISTeR were operational. Two further 
overpasses occurred while the M/S Color Festival was 
in Oslo port (the 26th and 29th May),  leaving  40 
overpasses when both AATSR and SISTeR were taking 
valid SST measurements. 
 
Of the 40 overpasses there were AATSR two-channel 
dual-view SST validations for four clear SST pixels at 
the overpass time and position, and up to eleven 
overpasses with some AATSR and SISTeR SST 
measurements near to the overpass time and position, 
depending on selection criteria. 
 
An hour before or after the overpass time, the ship is 
typically 30km distant from the overpass point, so SST 
values collected around these times are essentially 
independent of the ‘true’ overpass data. Even so, these 
extended data should be treated carefully as they may 
capture local changes due to solar heating in the surface 
layer of the sea, particularly for the ‘one hour early’ 
SISTeR data. If overpasses coinciding with the SISTeR 
position one hour before and after the nominal overpass 
time are considered, there were a further eight clear 
pixels, and up to 13 overpasses with some AATSR and 
SISTeR SST measurements near to the offset time and 
position, depending on selection criteria. 
 
Of the 40 overpasses there were AATSR three-channel 
dual-view SST validations for up to three overpasses 
with some AATSR and SISTeR SST measurements 
near to the SISTeR positions one hour from overpass. 
None were of high quality. Owing to the relatively high 
latitude and time of year, most nominal evening 
overpasses were made in daylight and there were no 
AATSR three-channel dual-view SST products for these 
points. 
 
Figure 6. SISTeR GPS tracks for May, June, July and August 2006. Overpasses are shown with stars 
AATSR SSTs were calculated for the pixel containing 
the validation point, and the average of all SST pixels 
whose centres fell within a radius of 1, 2, 5 and 10km of 
the overpass location. Averages of SISTeR SSTs were 
calculated on SST samples whose mid-sample time fell 
within 1, 2, 5 ,10 and 20 minutes of the overpass time. 
As the ship’s speed was approximately 15kts (28kph) 
for southbound evening overpasses and 21kts (39kph) 
for northbound morning overpasses, the 1, 2, 5, 10 and 
20 minute averaging bounds applied to the SISTeR SST 
samples correspond approximately to the size of the 
overpass pixel and the 1, 2, 5 and 10km averaging 
bounds applied to the AATSR SST pixels. 
 
Individual SST differences at the ‘true’ validation points 
only, calculated from five minute averages of SISTeR 
samples and 2km averages of AATSR pixels, are 
plotted in Fig. 9. SST differences including the SISTeR 
positions one hour either side of overpass are plotted in 
Fig.10. 
Figure 7. SISTeR SSTs northbound from Denmark to Norway. Overpasses are marked with boxes. 
Figure 8. SISTeR SSTs southbound from Norway to Denmark. Overpasses are marked with boxes.  
 
Figure 9.  Summary of ‘exact’ AATSR dual view two-
channel. Morning overpasses are marked with a red 
cross and evening overpasses with a blue cross 
. 
 
Fig 10. Summary of AATSR dual view two-channel 
validations, both at the exact overpass time and for 
SISTeR data one hour before and one hour after 
overpass. Morning overpasses are marked with a red 
cross and evening overpasses with a blue cross. 
 
Campaign averages of all ‘true’ SST differences 
between AATSR dual-view, two-channel (D2) SSTs 
and SISTeR SSTs, averaged over a range of intervals, 
are summarised in Tab. 1. D2 and D3 averages 
including validations at the SISTeR positions one hour 
either side of overpass are summarised in Tabs. 2 and 3. 
  
4.1. Discussion of results 
Two features of the two-channel dual view validation 
data stand out: Firstly the consistent positive bias in the 
AATSR two-channel dual-view SSTs, compared with 
the SISTeR SSTs, regardless of the averages compared, 
and secondly the large variabilities associated with these 
values, as seen in the tables of standard deviations. 
These variabilities are also apparent in the individual 
averages of the AATSR and SISTeR SSTs about the 
overpass points, which can be interpreted as significant 
local spatial structure in the SST field and, possibly, 
cloud contamination in the AATSR measurements. 
 
 
∆SST (mK) 1 min  2 min  5 min  10 min 20 min
Overpass 380 369 343 351 345 
1km 383 371 346 354 348 
2km 345 340 326 332 327 
5km 374 382 391 385 361 
10km 229 237 280 304 323 
 
SD (mK)  1 min  2 min  5 min  10 min 20 min
Overpass 265 282 326 358 450 
1km 229 246 291 323 415 
2km 222 217 228 250 311 
5km 286 303 350 356 358 
10km 570 574 533 473 450 
 
n  1 min  2 min  5 min  10 min 20 min
Overpass 4 4 4 4 4 
1km 4 4 4 4 4 
2km 5 5 5 5 5 
5km 8 8 8 8 8 
10km 10 10 10 10 11 
Table 1.  Means, standard deviations and numbers of 
differences between AATSR D2 and SISTeR SSTs at 
overpass,  for all AATSR pixels within 1, 2, 5 and 10km 
of overpass and all SISTeR samples within 1, 2, 5, 10 
and 20 minutes of overpass. 
 
∆SST (mK) 1 min  2 min  5 min  10 min 20 min
Overpass 346 351 390 396 430 
1km 240 250 294 337 365 
2km 200 207 243 286 316 
5km 111 119 157 188 202 
10km 145 153 200 240 276 
 
SD (mK)  1 min  2 min  5 min  10 min 20 min
Overpass 322 336 433 450 556 
1km 457 463 534 527 597 
2km 387 395 462 461 521 
5km 412 423 456 425 460 
10km 538 540 528 488 511 
 
n  1 min  2 min  5 min  10 min 20 min
Overpass 12 12 12 12 12 
1km 14 14 14 14 14 
2km 16 16 16 16 16 
5km 20 20 20 20 20 
10km 23 23 23 23 24 
Table 2.  Means, standard deviations and numbers of 
differences between AATSR D2 and SISTeR SSTs at 
overpass, and including SISTeR positions one hour from 
overpass,  for all AATSR pixels within 1, 2, 5 and 10km 
of overpass and all SISTeR samples within 1, 2, 5, 10 
and 20 minutes of overpass.  
∆SST (mK)  1 min  2 min  5 min  10 min  20 min
Overpass  – – – – – 
1km  –  −896  −886  −896  −863 
2km  −720  −608  −566  −557  −566 
5km  −533  −390  −278 375 390 
10km    360   382    455   426    41 
 
SD (mK)  1 min  2 min  5 min  10 min  20 min
Overpass  – – – – – 
1km  – – – – – 
2km  – – – – – 
5km  782 798 772 777 743 
10km  613 624 600 599 555 
 
n  1 min  2 min  5 min  10 min  20 min
Overpass  0 0 0 0 0 
1km  1 1 1 1 1 
2km  1 1 1 1 1 
5km  3 3 3 3 3 
10km  3 3 3 3 3 
Table 3. Means, standard deviations and numbers of 
differences between AATSR D3 and SISTeR SSTs at 
overpass, and including SISTeR positions one hour from 
overpass,  for all AATSR pixels within 1, 2, 5 and 10km 
of overpass and all SISTeR samples within 1, 2, 5, 10 
and 20 minutes of overpass. 
 
All three three-channel dual view evening validations 
are marginal, that is, there are no clear AATSR pixels 
within 2km of the one-hour overpass points and none at 
all within 10km of the true overpass points. 
 
Owing to the departure time of the evening ferry service 
from Oslo and the high position of many of the evening 
overpasses in the Oslo Fjord, land contamination may 
contribute to some evening overpass errors. More 
generally, cloud over Oslo Fjord and the surrounding 
land obscured most evening overpasses. All 512km × 
512km images contained significant amounts of cloud. 
 
5.  CONCLUSONS 
Over the Skagerrak, AATSR NR__2P dual view two-
channel SSTs appear to show a warm bias with respect 
to in-situ measurements of order 300mK. No good-
quality validations were collected for NR__2P dual 
view three-channel SSTs. Very few images contained 
dual view three-channel SSTs at the overpass point due 
to the relatively high latitudes (approaching 60°N) and 
the time of year at which the validation data was 
collected. 
 
The validation SSTs span a very large range –8°C to 
26°C – and significant amounts of cold water data could 
be collected at this location; however there appears to 
be a large amount of structure in the SST measurements 
which complicates the validation process. Cloud is also 
present near to many of the successful overpass points. 
The SST structure, and possibly cloud contamination, 
may be responsible for the large scatter on the 
validation results. 
 
For a first autonomous deployment, the SISTeR 
instrument has performed remarkably well. There have 
been no catastrophic mechanical or software failures 
and the instrument has operated properly for a 
substantial majority of the deployment time. 
 
The instrument has been well supported by Kai 
Sørensen and the staff at NIVA. Some form of support 
through a local technical institution is extremely 
advantageous for a deployment of this type. 
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